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PROVISIONAL SPECIFICATION . 

Improvements in or relating to the Formation of Adherent Silver 
Films on Non-Metallic Surfaces. 



We, Btandaed Telephones and Cables 
Limited, a British Company, Archibald 
Alan New and Emrys Llewbllyk Body- 
combe, botfc British Subjects, aH of 
5 Coiifteughrt House, 68, Aldwyoh, London, 
W.C.2, do hereby declare the nature of 
thda invention to be as follows : — 

This invention relates ito the formation 
of adherent silver films on non-metallic 
10 surfaces. It relates more paiAtoulariy to 
the formation of a pasfte or suspension con- 
i#wmg .silver which is suitable lor brush- 
mg, spraying or printing on flon-metalKc 
surfaces, by means of which tightfly ad- 
15 «herenft silver fikns may be formed on non- 
metallic surfaces for decorative, mirror 
and electrical purposes* One of the 
uses of tfhe Invention js the formation of 
electrodes of electrical condensers, such as 
2Q prlvered mica condensers. 

.Suspensions of toe noble metals in 
various oils or resins have been known for 
a long time, but 'have the disadvantages 
thott tbey must be ftred at a high tempera^ 
25 ture of the order of 500— 800° C. in order 
jto fcuru off the fast traces of the resinous 
binding materials, that they do not gave a 
mirror finish by direct application, and 
t*fa«fc if used for electrical purposes they 
80 yield bad or capricious reautte when dhe 
power factors of the condensers are 
•measured. In some cases tine power factor 
of tire condensers cm be improved by eiter 
treatment, but this in itteett is undesirable 
35 because it introduces additional processes. 
We huve found ,fch«it in order to get good 
adhesion* and mirror surfaces it is neces- 
sary to employ powders with a particle size 
less tban l/i and. preferably averaging 
40 about 0.1/i, and these when applied to 
mica or similar good dielectric give con* 
densers of particularly good power factor. 

According to one feature of the present 
invention a finely divided silver powder is 
45 produced by chemical riracipft*ta>n in. the 
presence of a protective colloid. The pre* 
©ipftate so formed (after washing) may 
then be- formed irrto a paste siritaWtefor 
% bruirhing, whiting or spraying with a 
50 liquid soluble in /water to tfhe extent to 
which it is uat»d which can be completely 
boiled off b^low 850* C. such M glycecol 
ethylene glycol, water or e*hy] atoobol 



In «, modification, metead of using a 
precipitate of silver to form tbe paste or 56 
suspension we use a precipitate of a sflv«r. 
salt which decomposes below 350° C, the 
other constituents of which are completely 
driven off by heat at or below tiha* ixw 
perature. An example is silver formate. 60 

In the use of chemical methods to attain 
the necessary small particle size, yielding 
a satisfactory film, certain general! prin- 
ciples musfc be observed, line precipita- 
tion miiusfc take place from solutions of high 05 
concenitration, the viscosity of the solu- 
tions must be 'high and the precipitated 
particles when fonmed must be peptased or 
stabilised. These last two reqirirements 
can be met by the addition of a- small per- 70 
centaga of an organic compound of high 
molecular weight s-ueh «s gelatine or 
liquorice extract. If silver is the precipe ' 
tate, ft must be formed at elevated 
temperatures. 75 

Satisfactory results cannot be obtained 
by the use of residual iron as in the case 
of the well known Carey Lea type of col- 
loidal silver. With this silver the adhesion 
obtained is not suffioierttly high and when 80 
used for condensers the power factor is 
high. Moreover, ft js not possible to pre- 
pare a dense enough paste from *thns silver 
to give really continuous films s-uch as are 
necessary for electric condenser electrodes. 85 

In enter to maintain the small particle 
size and avoid any coagulation of -the pre- 
cipitate it is desirable to use a liquid 
vehicle for tfie paste which is miitually 
soluble i/ith water to the extewt to which 90 
it is used, and we have found water itself, 
glycerol, etlhyiene glycol, ethyl alcohol, 
and meUbytl alcohol to be suitable. The 
choice of liquid is governed by the speed 
of drying desired, this k.tter varying 95 
according to the process by which the 
paste or solution is to be applied, e.g. 
rapid drying is necessary in a spraying 
paste whereas comparatively slow drying 
is required in n printing paste. 100 
Example 1. 
A solution (A) 33 prepared from; 
Silver nitrate - - ♦ 25 grams 

Q «krt»ne 1 gpani 

Distillled water - - - 60 c.c. 105 
The gelatin* is swelled ccfld in a little 



a 
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of tithe water first and <tihe remainder added 
hot witih storing; the silver nitrate being 
then added m powder form and tfbinred 
-tiH dissolved without further heating. 
5 A second solution (B) of J 5 grams of 
ammonium forurate in 60 c.c. of distOled 
water is also prepared. 

Solution A is placed in <a targe vessel 
(to -allow for frhe fro thing that takes place 

10 later) wnd is heated to 90° C. ± 5° C. Solu- 
tion B is also heated to <the same tempera- 
ture and is then ttdded to solution A wrt/h 
thorough mixing. A vigorous reaction 
takes place and silver lrhsrute is reduced 

15 'to extremely finely divided metallic silver. 
When <the reaction is complete the sal- 
ver is separated *by centrifuging and the 
separated solid is washed by vigorous 
stirring in 1$ Mtres of disUHed water. The 

20 sflver is again separated by centrifuging. 
The washing process is (repeated unfa! a 
sample of the paste made up wibh tbe sti- 
ver and one of the liquids mentioned above 
yields when applied to mica and burnt off 

25 at 250°— 275" C. an efleotrk-al condenser 
•having a power factor lower than 0.0004 at 
1 Re* 

A brushimr or printing paste is pre- 
pared by adding pure glycerine to -the wet 
tt> silver powder, prepared as above, with 
vigorous storing irolti! the required con* 
sis-feency is obtained. 

A spraying paste is obtained by adding 
to the wet silver powder with vigorous 
35 sirring, water, ethylene glycol, ethyl 
■irico'hol or .methyl nvcohol, A little gly- 
cerine may be added if desired. A spray- 
ing paste may also be obtained hy adding 
water, methyl alcohol or ethyl aico'bol' to 
40 ir-he brushing paste. 

Example 2. 
Solution A: — 
Silver nitrate - <■ 500 grams 
Gelatine ... 27,5 grams 
45 Water (dis titled) MOO c.c. 

The gelatine is ^eiJled cold rn a little 
of the water ftnt. arid the remainder added 
hot with stirring. The silver nitrate is 
added in powder Sam nnd stirred until 
50 dissolved wifchon* further heating. 



The solution is poured mio a 20 like 
bow] and allowed to cool, when 300 grams 
of powdered solid ammonium formate ore 
added with 6tin*uig until the resultant 
precipitate of silver formate is homo- 55 
geneously dispersed in the Hqukl. 

The bowl is then placed in a water baUh 
at 80* C, and stirred until the reaction, 
which is violent, has ceased and. silver is 
completely precipitated. 60 

The silver is separated by means of a 
Sharpies Super centrifuge at a speed of 
•25,000 r.p.m. until less than 1 gram of sil- 
ver is left in Uhe liquid. The silver con- 
tains excess gelatine and this is removed 65 
by agitating violently a<t 60* — 80° C. for 
some hours with distilled water. 

The suspension is again centrifuged to 
obtain the purified silver. As it is dim 
cult to control the above mentioned wash- 70 
ing proves* so as to remove just the re- 
quired excess of gelatine, idle process is 
continued too remove more gedatine then is 
required to be removed. The wet silver is 
then made-up into a paste wrfah tfhe re- 75 
quired vehicle and a little gelatine. 

Pastes obtained <as in either of the above 
examples, when brushed or sprayed on 
Rufroible laminations of mica which are 
then fired ait 250°-^i<X>° C. for 10 to 15 80 
minutes, yield silvered mica condensers 
having power factors from 0.00006 to 
O.0008 when measured at 1 Iu\ per sec. 

Although the invention has been de- 
scribed primarily for the purpose of sil- 85 
vered mica condensers, mirror surfaces 
may be fowned on smooth transparent 
sheet, material such as glass, quartz or 
mica by brushing, spraying or printing a 
paste prepared as above described on to 90 
the sheet and burning off at a temperature 
below 350* C. or even as low as 250* C, 
The mirror surface is seen through the 
base material. 

Dated this 18th day of Mav. A,D. 1943. 
EENKST E, TOWLER, 
Chaptered Patent Agents, 
Agen.t for the Applicants, 
Connaught House, 
63, Aldwvch, London. W.C.2, 



COMPLETE SPECIFICATION 

Improvements in or relating to the Formation of Adherent Silver 
Films on Non-Metallic Surfaces* 



95 We, Standard Telephones and Cables 
Limited, a British Company, Archibald 
Alan New and Kmhvs Llewellyn Body- 
comcb, both British Subjects, ail of 
Cormaught House. 68, Aldwvch, London, 

100 WX\2, England, do hereby ' declare the 
nature of fern's invention and in what man- 



ner the same \s to he performed, to be par- 
ticularly described and ascertained in and 
by the following statement :~, 

This invention relntes ro the formation 105 
of adherent silver films on non-metallic 
surfaces, to silver pwstes suitable for use 
fo* thai puiipose and to the manufacture 
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of finely comnrinoted silver suitable for 
incorporation in such paste. One of the 
mwin uses of the invention is the fbrJua- 
tion off electrodes of electrical condensers, 
5 such as silvered inieu condensere. 

Suspensions of the noble metals in 
various oils or resins have been known for 
a Jons time, but have the di&advuntages 
-Chat tirey must be tired at a high tempera* 

10 t*ure of the order of 500—600* C. in order 
to bum off the last traces of th* resinous 
hindring materials, "that tfhey do not give 
u mirror finish by direct application and 
that if used for electrical purposes they 

15 yield bud or <?&praeious results when toe 
(power factors of bhe. condenser* are 
measured. In some coses tlhe power fac- 
tor of the .condensers can be improved by 
after treatment, but tihis in itself is un- 

20 desirable because it introduces additional 
processes. 

It* has been proposed bo metallise fibrous 
nriV'teriii'lfi by kmnersing them in a silver 
salt solution, precipitating silver from 

25 said solution on to the fibrous material by' 
meuns of a reducing agent in the presence 
of colloid ad substances tmd consoHdiating 
-the precipitated meOaL to a tenacious coat- 
ing by subjecting ft to mechanical treat- 

80 nient. It has also been proposed to pro- 
duce un electrode on the mica dielectric 
of an electrical condenser by applying to 
'the mica a compound of silver such as 
silver oxide and a readtly votetili sable re- 
do during agent such as ammonium formate. 
According to one feature of the present 
invention finely .comminuted server is 
UKUiuIiK-tuied by reacting together am* 
monium formate and u water solution of 

40 silver luVrate in the presence of a protec- 
tive colloid. 

We have found tihat in order to get good 
adhesion and minor surfaces with a paste 
containing metallic siiver it is necessary to 

45 employ powders with a particle size leas 
than l/i, and preferably uveraging abou* 
0.1/i, and these when applied to mica or 
similar good dielectric give condensers of 
particularly good power factor. 

50 According bo another feature of the in- 
vention, therefore, the manufacture of 
finely comminuted silver is carried out by 
precipitating silver from a solution of 
high concentration and high viscosity at 

55 an elevated temperature and peptizing or 
stabilising the preeipifcatf*d particles. 

This may* be earned out by making the 
precipitation from a solution of a silver 
suit of high concentration containing a dis- 

00 solved organic compound of high mole- 
t'likir weight and stahle at tfhe precipitat- 
ing temperature such as gelatme or 
liquorice extract. 
Satisfactory results cannot be obtained 

65 by the use of residual iron as in the case of 



the well known Carey Lea type of col* 
loidui silver. Witih thi* sUvta the ad- 
hesion obtained when the silver is made 
into a paste and the paste is applied to a 
Hurface is not sufficiently high and when 70 
used for condensers the power factor is 
high.' Moreover, it is not possible to pre- 
pare a dense enough paste from this silver 
to give really continuous films eutfh ae are 
necessary for electric condenser electrodes. 75 

Aefording to «a fXiifflhef feature of ube 
invention the manufacture of an adherent 
tVhii of finely comminuted silver upon a 
non-metaUrc surface is carried out by pre- 
cipitating silver in the presence of a pro- 80 
tective colloid, mixing the precipitant 
with other constituents to form a paste, 
applying the paste to the said surface, and 
applying heat to drive off the non-Bilver 
cosistituents. 85 

The* precipitate (after washing) may he 
mixed into a paste suitable for brushing^ 
printing or spraying. In order to main- 
tain tin*. mikiII pin titrle *ize aud avoid any 
coagulation of the precipitate it is desh> 90 
able to use a liquid vehicle for the paste 
which is mutually soluble with water to 
rhe extent to which it \» used and we hwve 
found water itself, glycerol, ethylene gly- 
col, ethyl alcohol, and methyl alcohol to 95 
be suitable. It is desirable, in order to 
obtain u uniform coating of good adhesion 
and free from foreign particles, that the 
liquid w:»bh which tihe washed silver is to 
be mixed should have a boiling poinit be- 100 
low 850* 0. The choice of liquid is 
governed by .the speed of drying desired, 
this ktter varying according to the pro- 
cess by which the paste or solution ie to 
be applied, e.g. rapid drying is necessary 105 
in a spraying paste whereas comparatively 
slow drying is required in a printing 
paste. 

It may be neces&ary to add to the paste 
sufficient 'high molecular weight , water- 110 
soluble organic substance to bring the 
total percentage weignt of s»uch substances 
up to not more than 5% of the weigh* of 
paste. 

Example 1. 115 

A solution (A) is prepared from : 
Silver nitrate - - - 25 'grams 
Gelatine - - - - 1 gram 
Distilled water * - 50 c.c. 

The gelatine h swelled cold in a littfle 120 
of the waiter first and the remainder added 
hot with stirring; the silver nitrate being 
t<hen added in powder form and stirred tm 
dissolved without f wither heating. 

A second solution (B) of 15 grains of 125 
ammonium formate m 50 e.c. of distilled 
water is aho prepare!. 

Solution A is placed hi a large vessel (to 
allow for the frothing that takes place 
later) and is heated to 90* 0. ±5* C. Soto- 130 



tion B is also heated to the same tempera- 
ture and is then added to solution A with 
thorough mixing. A vigorous reaction 
takes place and silver nitrate is reduced 
5 to exbreiridly finely divided metallic mlvea-. 
When the reaction is complete the silver 
is separated by centrifiugmg with a cen- 
trifuge wtoose separating force is at leas* 
500 times that of gravity, and the sepa- 

10 rated solid is washed by vigorous stirring 
in 1-i litres of distilled water. The silver 
is again £epa rated by cesrt-rHughig. The 
washing process is repeated until a sample 
of >the paste is made up with the silver and 

15 one of the liquids mentioned above yields 
when applied to mice and burnt off at 
250*— 275° C. an electrical condenser hav- 
ing a power factor lower than 0.0004 at 1 
Rt\ per second. 

20 A brushing or printing paste t$ prepared 
by adding pure glycerine to the we* silver 
powder, prepared us' above, witih vigorous 
stirring until the required consistency 
obtained, 

25 A spraying paste is obtained by adding 
tio tibe wet silver powder, with vigorous 
stirring, waiter, ethylene glycol, ethyl 
-.ileohol or methyl ateohoL A little gly- 
cerine may he ndde4 if desired. A spray- 
:$() ing paste may also be obtained by adding 
water, methyl alcohol or ethyl alcohol to . 
the brushing paste. 

Example 2 
Solution A: — 
35 Silver nitrate - 600 grains 
Oelatine - - - - 27.5 grams 
Water (distilled) 1300 c.c. 
The gelatine is swelled cold in a little 
of ilhe water first, and tihe remainder added 
40 hot wftih stirring. The silver nitrate is 
added in powder form land stirred until 
dissolved without further heating. 

The solution is poured into a 20 litre bowl 
and allowed to rnol, when H0O grams of 
45 powdered solid 'ammonium formate are 
added with tftirrmg until tihe resultant 
precipitate of silver formate is homo- 
geneously dispersed in the liquid. 
The bowl is then placed in a water bath 
50 at 80* C. and stirred until tlhe reaction, 
which is violent, hns censed wild silver is 
completely precipitated. The temperature 
rises due to the reaction but should be 
* kept at 80° C.-*100* 0., preferably 85" C. 
55 The silver is t separated by means of a 
Sharpies Super centrifuge at a speed of 
25.000 r.p.m. until less than 1 gram of 
sfher is reft in the liquid. The silver 
comt:uns excess gelatine and tfois is re* 
60 moved by agitating violently at 60*— 80 # 
C. for some hours with distiMed water. 

The suspension is a#ain eentrifuged to 
obtain t>he purified silver. As it fc diffi- 
cult to control tihe above- mentioned wash- 
65 kig process so as to remove just the re- 



quired excess of gelatine, the process is 
continued to remove more gelatine than is * 
required to be removed. The wet silver 
\< then mode np into h paate with the re- 
quired vehicle and a little gelatine. * 70 

Pastes obtained as in either of the above 
examples, when brosfted or sprayed on 
suitable laminations o£ mica which are 
then fired ;it 250*-~300° for 5 to 15 
minutes far even shorter times at higher 75 
temperatures up to 350° C, although the 
latter case needs critical control) yield sil- 
vered mica condensers having power fac- 
tors from 0.00005 to 0,0f»03 when measured 
at 1 Ke. per second. 

Although t5je invention has been de- 
scribed primarily for the purpose of sil- 
vered TtnVa condensers, mirror surfaces 
may 'be formed on smooth transparent 
sheet- material such «s glass, quartz or 85 
mica by Ixnushrng. spraying Dr printing a 
paste prepared as above described on to the 
sheet and burning off at a temperature be- 
low 350* C. or even <is low as 250* C. The 
mirror surface is seen through the base 90 
material. 

Having now particularly described and 
ascertained the nature of our said inveo. 
tion and in who.t manner the same is to 
be performed, we declare that what we 95 
claim is : — 

1. The manufacture of finely cora- 
minarted silver by reacting together am- 
monium formate and a water solution of 
silver nitrate in the presence of * protec- 100 
tive colloid. 

2. The manufacture of finely com- 
minuted silver by reacting together water 
solutions of silver nitrate and arnmowiiutm 
formate in the presence of a protective 105 
colloid. 

8. The manufacture of finely com- 
minuted silver by precipitating silver from 
a solution of high concentration and high 
viscosity at sn elevated temperature and 110 
peptising or stabilising the precipitated 
particles. 

4. The manufacture as claimed in 
Claim 8 in which the precipitating of sil- 
ver is from a solution of a silver salt of 115 
high concentration containing a dissolved 
organic compound of high molecular 
weight and stable at the precipitating 
temperature. 

5. The manufacture of finely com- 120 
mmirfed silver by mixing when cold 
powdered solid ammonium formate with a 
coneeiitmted w»ter solution of sift** 
nrtriitH containing a little gelatine, and 
heating to a temperature of «0°-^100° C 121 
preferably ahout 85' C. 

6. The manufacture of a silver paste for 
application to a surface by brushing, 
printing or spraying comprising the 
manufacture of finely comminuted silver MO 
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as claimed in uriy of Abe preceding Claims 
and mixing of said silver with a liquid 
-mutually soluble with water to the extent 
to which hi is used to form a po^te. 
5 7. The manufacture of a silver paste for 
application to a surface by brushing, 
printing or spraying, comprising tfoe 
manufacture of finely cominiiwited silTer 
as claimed in any of the Claims 1 to 5. 

10 separation of ttie said si Ivor by repeated 
eenlrifuging witih a centrifuge whose sepa- 
rating force is at least 600 time* that of 
gravity ami washing and finally mixing 
Itoe separated «i]wr with a liquid mutu- 

15 aWy soluble with water io £he extent to 
whirl j it is- used, and adding, if necessary, 
sufficient gelatine or other bigti molecular 
weight water-soluble organic sutosaa-nce to 
bring the totel percentage weight of such 

20 stib&tanct' up fro not more than 5% of the 
weiglvt of paste. 

8. Tiie manufacture of an adherent fihn 
of silver upon a non-metallic surface which 
comprises precipitating silver in the man- 

±'> ner claimed in any of the Claim* 1 to 5, 
mixing into a part* witlh a liquid wtoicn 
is mutually soluble wrfch the water in .the 
precipitate applying the paste to t-he said 
surface uttd burning off. 

tfU 9, The manufa^tur* of an adherent film 
of finely comminuted silver upon a non- 
metallic surface by precipitating silver in 
rne presence of a protective eoltotd, mix- 
ing the precipitant with ot-hcr con&tituenta 

Mf> to form a pit* to. ajm lying s*aid «pas>te to the 
«aid surface, and applying heat to drive off 
the non-silver constituent*. 

10. The manufacture of an adherent 
film of silver upon a non-me4aIlic surface 

10 by reducing u strong water solution of 
a silver salt whose viscosity has. been sub- 
stantially increased by ihe addition of a 
Irigh-moJecular weight water-soluble or- 
ganic substance, washing the solver, so 

45 formed, incorporating tine washed silver 
wHti a little of said organic substance in 
a sufficient quantity of liquid mutually 



soluble witih fihe water present having a 
boiling point below 850* C. to yield a 
paste or sab-pension suitable for applies- 50 
tion to said Miff ace, applying said paste 
or swpeiwion to said surface, and firing at 
:i temperature below 850° C. 

11. The manufacture as claimed in 
Claim 10 in which aaid -silver suit is silver 55 
nitrate. 

12. The manufacture as claimed in 
Claim 10 or 11 in which said organic sub- 
sttauce is gelatine. 

13. The manufacture as claimed in 60 
Claim 10 or 11 in which aaid organic sub- 
stance is liquorice extract. 

14. The manufacture w claimed in 
Claim 10, 11, 12 or 18, in which said 
liquid k water. 65 

15. The manufacture as claimed in 
Claim 10, 11, V2 or 18 in which said liquid 
is glycerol. 

10. Tlve manufacture as claimed in 
Claim 10, 11. 1*2 or 18 in which said liquid 70 
is ethylene glycol. 

17. The manufacture as claimed in 
Claim 10. 11. 12 or 18 in which said liquid 
is eHiyl alcohol. 

1H. The minuufacture es claimed in 75 
Claim 10, 11, V2 or IB in wnidh said liquid 
is methyl alcohol. 

10, The 'man-uftiatuw aa claimed m 
any of Claims 8 to 1ft in w'htoh the surface 
is of mica. SO 

20. The manufacture of an electrical 
condenser by use of the manufacture a*s 
ckimed in any r*f Cluirri* 8 to 19. 

31. Tlie manufftflhire of electrical con- 
densers specifically as described hi Ex- 85 
ample 1 or Estvmplv *l 

Dated this 14flh day of Jairuarv, A.D. 
1044. 

KBNBST R. TOWLER, 
Chartered Patent A«gent, 
Agent for the Applicants, 
Connaugiht House, 
63, Aldwych, London, W.C.2, 
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